There is little information on venous patency after pacing leads are inserted in veins during pacemaker or implantable cardioverter defibrillator (ICD) implantation. Herein we present a report on venous patency during the immediate postoperative period after permanent pacemaker or ICD implantation.
Introduction
Currently, implantable cardioverter defibrillators (ICDs) are widely used to prevent sudden cardiac death due to cardiac arrest, and permanent pacemakers are usually implanted for bradycardia-related disorders.
To ensure the safety of pacemaker implantation, attempts should be made to prevent the development of complications, such as pneumothorax, by performing preoperative venography. In addition, we can confirm the abnormal location or course of a blood vessel while performing ICD insertion maneuvers. 1) Even if preoperative venography confirms the absence of vein occlusion or stenosis, we occasionally experience cases with long-term venous occlusion or stenosis due to permanent pacemaker or ICD implantation. [2] [3] [4] [5] [6] However, it has not yet been clarified which factors are associated with stenosis or occlusion of the vein containing the pacemaker leads. There is little information about post-implantation condition of veins in patients after permanent pacemaker or ICD implantation. 7, 8) Therefore, we examined venous patency during the immediate postoperative period after permanent pacemaker or ICD implantation in patients who were implanted with a device for the first time.
Subjects and Method
We investigated 25 patients who underwent permanent pacemaker or ICD implantation at Toho University Ohashi Medical Center for treatment of symptomatic bradycardia or as a preventive measure against sudden cardiac death due to cardiac arrest. There were 18 males and 7 females, with an average age of 65 years. They included 17 patients with ICD implantation and 8 patients with pacemaker implantation. All patients underwent surgery using the venous puncture method. The supraclavicular approach technique involves puncture of the subclavian vein at the supraclavicular fossa, and the subclavicular approach technique involves puncture of the subclavian vein inferior to the midpoint of the clavicle ( Figure 1) .
To assess the presence of a venous stenosis or occlusion caused by thrombus formation, venography was performed 1 week later through a peripheral vein in the arm on the device-implanted side using 20 ml of iopamil as a contrast medium. We explained the venography procedure to 35 consecutive patients but 10 of the patients refused contrast medium administration. Twenty-five of the 35 patients agreed to undergo the venography. Therefore this study did not include consecutive patients. All enrolled patients provided informed consent for the procedures.
We assessed sex, age, underlying diseases, lead diameter, the pacemaker-implanted side (left or right), the approach (supraclavicular or subclavicular), the implanted device (pacemaker or ICD), the number of implanted leads, and the patient's clinical symptoms.
The implanted devices were as follows: KDR701, KDR703 and KSR701 (Kappa700) permanent pacemakers, and 7229CX (gen) and 7273 (gen) ICDs (Medtronic Inc.); 5332, 5338, and 2405 MS permanent pacemakers (St. Jude Medical), and 1381 and 1480 permanent pacemakers (Guidant). All of the lead materials were made of silicon.
A serum creatinine value of > 2:0 mg/dl was considered a contraindication for the use of contrast material because such a value is suggestive of renal dysfunction. However, no patient in this study had a serum creatinine level of > 2:0 mg/dl.
There was a difference in the lead run configuration between the supraclavicular and subclavicular approaches (Figure 1 ). There were no patients with persistent or paroxysmal atrial fibrillation. All of the patients with sick sinus syndrome were type II.
Lesions having a reduction in diameter of greater than 75% were defined as ''stenoses'', and lesions with complete disruption as ''occlusions''.
Statistical analyses were performed using the chisquare test with clinical manifestation as the parameter. A P value < 0.05 was considered clinically significant.
Results
The analysis data of the 25 patients in whom we obtained results are shown in Tables 1 and 2 .
The pacemakers and ICDs were implanted from the left side of the chest in 17 patients, and from the right side in 8 patients. Needle puncture to insert the pacing leads was performed using the supraclavicular approach in 14 patients and the subclavicular approach in 11 patients. A single lead was implanted in 8 patients, and 2 leads for atrial and ventricular pacing in 17 patients. The details are outlined in Table 3 .
The details of the 17 patients in whom needle puncture was performed on the left side are presented in Figure 2 , while those of the 8 patients in whom the puncture was performed from the right side are shown in Figure 3 .
Narrowing of the vein far from the puncture site was found in 14 patients (54%) ( Table 4 ). The venous stenosis image is shown in Figure 4 . This patient was an 82-year-old male, with idiopathic ventricular tachycardia. He was implanted a 2-lead ICD using the left subclavicular approach. A venous stenosis developed far from the puncture site 1 week after implantation. A complete occlusion occurred in 7 patients (28%); in five of these patients, collateral circulation had developed. Patients with a left-sided implantation had more stenosis or occlusion than those with a right-sided implantation (71% vs. 25%, P < 0:05). ICD implantation was more closely associated to venous stenosis or occlusion than was pacemaker implantation (65% vs. 37.5%, P < 0:05).
The approach used and the number of leads implanted did not correlate with venous stenosis or occlusion. Of the 7 patients who developed a complete occlusion at the central site of the puncture in the vein, 6 showed clinical symptoms such as pain in the arm. One patient in whom collateral circulation had effectively developed did not complain of any occlusion-related symptoms.
All 7 patients with occlusion were implanted with ICDs, and they consisted of 41% of the 17 cases with ICD implantation. There was no significant correlation between the number of leads used and venous occlusion. However, occlusions appeared in patients who were implanted with a 9F or larger lead. Occlusions were more frequent in the left-side implantation group (86%), and in the subclavicular approach group (86%).
Discussion
Short-term follow-up venography 1 week after pacemaker implantation by venous puncture in order to evaluate venous stenosis and occlusion has not been reported previously. One week after the pacemaker implantation, 7 patients (28%) had venous occlusion. None of the patients had a venous stenosis or occlusion at the puncture site, but it occurred at a site central to the puncture in each instance.
Severe stenosis or complete occlusion of the subclavian vein after pacemaker implantation has been reported in 15-65% of cases. [9] [10] [11] [12] [13] [14] [15] [16] The incidence 17) while that of chronic thrombotic occlusion of the subclavian vein or inferior vena cava is 0.35-0.5%. 18, 19) In the present study, venous stenosis or occlusion developed in 56% of patients within 1 week after pacemaker implantation; the subclavicular approach was performed in 32% of the patients, and the supraclavicular approach, in 24%. There were no significant differences in venous stenosis among the groups based on the approach used.
The reported risk factors for thrombosis leading to stenosis include pacing mode, implantation site, multiple leads, hormone therapy, prior history of venous thrombosis, temporary pre-operative pacemaker use, and infections. [9] [10] [11] 17, 20, 21) Some reports have suggested an increased risk in venous thrombosis following implantation of a 2-lead DDD pacemaker, 20, 22) whereas other reports have shown no correlation of thrombosis with the number of leads used. 23, 24) Therefore, the number of leads is not considered to have a direct effect. Our results showed no significant differences in risk among the Figure 2 Distribution by puncture site, device, and lead number, in 17 patients with the device inserted from the left side
The subclavicular approach was used in 9 of these patients. An ICD was implanted in all of these patients. Figure 3 Distribution by puncture site, device, and lead number, in 8 patients in whom the device was inserted from the right side.
The supraclavicular approach was used in 6 of these patients. A pacemaker was implanted in all of these patients. groups based on the number of leads. Our results indicate that ICD-implanted patients tend to develop a venous stenosis or occlusion more frequently than pacemaker-implanted patients. This may be due to the fact that the diameter of the ICD lead is larger than that of the pacemaker'. Venous stenosis occurred with a significantly greater frequency in the left-sided than right-sided implantation. A higher occlusion rate with left-sided implantation than with right-sided implantation has been reported to be due to longer leads, which are used for anatomical reasons, and increased contact area within the vein. 10) Our study also showed a significantly higher occlusion rate in patients with left-sided implantation, and this may be attributed to longer leads and increased vein contact area required for left-sided implantation.
In addition, vessel lead tension differs from rightsided implantation in the anatomic perspective. With left-sided implantation, there may be increased irritation due to greater mechanical pressure between the lead and vein wall. There are also anatomical differences between the left and right brachiocephalic veins; the left brachiocephalic vein is longer and runs nearly horizontally. Therefore, while the right brachiocephalic vein joins the superior vena cava in a gentle arc, the left brachiocephalic vein joins the superior vena cava at an obtuse angle, which causes increased mechanical pressure in the latter case. ICDs were implanted from the left side in more patients, and this may have influenced the results.
Venous blood stagnation is also a factor in thrombus formation. When blood flow is almost zero, plasma factor IX is activated by factor IXactivating enzyme in red blood cell membranes, and the intrinsic coagulation reaction is activated. 25) Because erythrocyte activation of factor IX and blood-clotting reactions are promoted by individual red blood cells with decreased shear flow, 25) veins with pacemaker leads are more prone to thrombus formation.
In this study, leads were inserted by venous puncture in all patients. Lesions were located in the vein at locations central to, and far removed from, the puncture sites, suggesting that the surgical technique did not substantially contribute to the venous stenosis.
Although high rates of subclavian vein stenosis after pacemaker implantation have been reported, the incidence of clinical manifestations such as upper limb edema is relatively low at about 5%. 10, 11, 14, 16, 26) In the present study, during the acute stage within 1 week after surgery, 6 of the 7 patients with a venous occlusion developed upper limb edema and/or subcutaneous bleeding; however, one patient had no clinical manifestations. Furthermore, some patients with superior vena cava syndrome, have not been reported to have any symptoms. 5, 27, 28) Based on the standard principle of performing pacemaker implantation on the side of the nondominant arm, many medical facilities use the leftsided approach. Thus, the risk for venous stenosis An 82-year-old, male, with idiopathic ventricular tachycardia. A 2-lead ICD was implanted from the left side using the subclavicular approach. Venous stenosis occurred central to the puncture site, as shown in the venography performed 1 week after the implantation. Left: venography, Right: digital subtraction angiography Nakae T Venous patency in acute stage of pacemaker implantation may be high in many patients with a pacemaker. With aging of the population, numerous patients will require long-term devices such as pacemakers. In addition to the replacement of pacemaker batteries, leads will also have to be replaced to increase device longevity. In such patients, future reimplantation may be necessary. Considering this future need for reimplantation, a right-sided approach might be preferable for implanting the initial device. Hypercoagulability after pacemaker implantation has been reported. 12, [29] [30] [31] [32] Even among patients with normal subclavian veins, elevated levels of thrombin-antithrombin complex (TAT) and D-dimer have been reported, 29, 30) which can lead to other thrombotic complications, including pulmonary embolism. Indeed, high rates of thrombotic complications, including pulmonary embolism, have been reported after pacemaker implantation. 23) Although some thrombotic disorders cannot be identified by routine hematologic data alone, because of potential thrombotic complications after pacemaker implantation, elevated TAT and D-dimer levels have been suggested as predictive factors for subclavian vein thrombosis. 33) However, TAT and D-dimer levels were not measured in the present study.
Our study did not evaluate the effects of antiplatelet or anticoagulant drugs on venous thrombosis. However, given the hypercoagulable state and the high incidence of subclavian vein thrombosis that often occurs after pacemaker implantation, the use of antiplatelet or anticoagulant drugs may be recommended.
Limitations
This study did not evaluate the effects of antiplatelet or anticoagulant drugs on venous thrombosis. In addition, we did not evaluate coagulation abnormalities during the short postoperative period or the level of TAT, D-dimer, and the thrombosis originate factor.
Prior to venography, informed consent was obtained from all patients included in this study. However, many patients did not agree to undergo venography because of the risk of side effects and the adverse effects related to administering a contrast agent. Therefore, the number of cases available for evaluation was somewhat low.
The implantation side was chosen based on the operator's expertise. Therefore, we did not randomly select the side, which may have caused the difference between the left and right sides.
Venography was not performed before implanting the pacemakers or ICDs. Therefore, a venous stenosis might have been found before the operation in some cases.
Multivariable analysis could not be performed because the number of variable samples were small. A further study with a larger sample size is warranted. A long-term follow-up of our patient series would also provide additional information.
Conclusion
Venous stenosis or occlusion developed in 56% of the patients during the acute stage within 1 week after pacemaker implantation. However, venous stenosis or occlusion did not occur at the puncture site, but developed at sites central to the puncture. The incidence of venous stenosis or thrombus formation was significantly higher with left-sided implantation and implantation of ICD. Even with cases of venous occlusion with thrombus formation, no clinical manifestations could be observed due to the development of collateral blood circulation.
